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Development and application of Collision Risk Assessment System

for setting optimum safe route

Jeon, Hokun

Department of Navigation Science

The Graduate School of Korea Maritime and Ocean University

Abstract

With increasing global fleet due to industrialization, interest in ship collision
has increased and researchers have studied models to assess ship collision risk.
However, existing collision risk assessment models are suitable for use by port
managers or VTS officers. Actually, navigators in the field are excluded from
such information. This study deals with the risk of collision and aims to provide
the navigator with the evaluation of the risk of collision. To accomplish this,
existing models were analyzed and a collision risk assessment system has been

developed to evaluates collision risk based on AIS data.

Existing representative collision risk assessment models are ES model, traffic
congestion model, IWRAP model, and PAWSA model. The ES model is based
on the subjective navigational burden of the navigator, the traffic congestion
model is on the ratio of the traffic volume of the waterway and the traffic
passing through the waterway. The IWARAP model is on the product of
geometric collision probability and causation probability. The PAWSA model is
on brainstorming by experts. Each model has different definition and form
indicates the collision risk of the ship. Each model assesses a defined area, such

as harbors and waterways, to assist port and waterway managers in making

- viii -
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decisions. However, there are still few studies to develop a collision risk

assessment system necessary for the decision making of the navigator.

There are two basic theory necessary to evaluate the risk of collision. First,
the bumper theory that sets a bumper around own ship to identify other ships
entering this area. Second, the collision risk index theory by defining weights of
intersection angle, approach speed, and attack method for each type of encounter
defined based on COLREG rule. These theories are applied to collision risk
assessment as follows. First, identify the vessels that pass through the bumper
region of own ship. After that, the ships will be assigned a collision risk index
according to the encounter type with own ship and the collision risk index for

each ship is sum up to calculate the collision risk of the corresponding bumper.

The evaluation system consists of three stages: map configuration, bumper
configuration, and collision risk assessment. The coastline data of the electronic
chart are extracted and the coastline is output using Matlab and M_Map. In the
bumper configuration stage, the distance and time of the route are calculated by
using own ship information and route information, and the bumper is placed on
the route. In the collision risk assessment stage, the risk of collision is evaluated
by applying the bumper theory and the collision risk index theory, and the

results are displayed in various graphs.

Using the developed evaluation system, the risk of collision for the Ulsan port
access area and the sea area from Busan to Yeosu was evaluated. In the test
area, the test route and the AIS data were used to verify the normal operation
of the evaluation system. In the sea area, the collision risk was assessed and
compared by setting the vessel length, departure time, and course conditions
differently. As a result of evaluating different ship lengths, the risk of collision
increased proportionally as ship length increased. As a result of evaluating
different departure times, the risk of collision varies according to the time of
sailing even for the same route. As a result of evaluating the recommended
route that avoided the actual route and the main traffic flow, the risk of

collision was lower in the recommended route.

_ix_
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Table 2-1 Ship handling difficulties in ES model
Condition Difficulty
Head on 1.0
Crossing 45° 1.14
Crossing 90° 1.71
Crossing 135° 3.01
Overtaking 0.72
Overtaken 2.46
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Fig. 2-7 Degree of precision according to grid size
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Table 3-1 Causation factors used in IWRAP

Condition Causation Factor
Head on 0.5x10*
Crossing 1.3x10 *

Overtaking 1.1x10 *

Table 3-2& Inoue(2000)7} ES =dS o] &3|A = 3t
THI8l. WA ZFNEE WEFH 2EHG2FS AMste FH3TH 1 F
2 J =

=geel te ~Edaga e o
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Jehdth mapEel A4S dgeld FRew 74
Qaels MEAHRY 2R G F99es 4

T} =3 wAF 135°K T AEf 2agho] ot

=

e

Table 3-2 Ship handling difficulties in ES model

Condition Difficulty

Head on 1.0
Crossing 45° 1.14
Crossing 90° 1.71
Crossing 135° 3.01

Overtaking 0.72

Overtaken 2.46
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Fig. 3-3 Collision Risk Index according to encounter type
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3.2 FIIA 2" e A7)

3.2.1 A3

B o) AL AFE /W ¥ HWE NE$AH L Table 3-49F 2T},

Table 3-4 Development environment

Content Specification

Operating System Windows 10 Pro 64bit

Nautical Chart Digitizing PlotDigitizer 2.6.8
SIW Chart & AIS data process MS Developer Studio

Calculation & Visualization MATLAB 2016b

Chart Visualization Matlab based M_map

CPU 17-3QM@ 2.40GHz
H/W

RAM 24G

HAAN2EE ALt F2 043 T2 1YW =7 MATLAB 2016b°]
Tt MATLAB RIE|ZE|H ddojo]B g HHojs oY A uE AARES g2l
S AAT t&F volH AE Al AYPEET7E =gtk webA AIS HlolHE
HAAs B wl= MS Developer StudioS 53 HI}YAQ Fortrans A}
&3t

3.2.2 dlolg AHg
1) d¢tA HolH

it HolHE WE7] 9
E 27(Scan)stR T =7k =
G 268 ALEE AR AU AT UAEE SeED Sase
X glo] A9} &l PlotDigitizer= ZHE o|v| AU oA ZAstm=z HeE

H =
Al ol8¥ & Unk tAEeld Azlel HSAT AE2HH $Sew )

ek Folsl = No. 2200(‘:'4%01“1 AR

3l
Fols =

Collection @ kmou



N
i)
o
A
)
o
v
o
=)
o
B\

=
. JINJU MAN
oA
. Daebangsa
Fig. 3-4 Dizitizing work by PlotDigitizer
Fig. 3-4%= PlotDigitizerE ©]-&3k HAEO|AStE Adolnt. st e whet
g 2YSH 919 283 Lol AAELOE F(Node)ol PHIFL X, Y
#37F dg9n. F A JAREE He wek MLine)o] AZF 1 ks |
(Polygon)®] ZHele] Szt A AAHE npyrz 2eaaA vyelnn. ¢
AdlelH= dHe How FAHY om HIZIHFEE VFoE FFO0EE
X, 3Fo 2= YHS 7R
Table 3-5 Conversion X, Y into Long., Lat.
712X, Y) 717 (Long., Lat.)
0 0 127.6666 35.2000
6422 4130 129.1666 34.4000
45l H(X, Y) N o] %3l QF(Long., Lat.)
0.6666 1844.6700 128.0975 35.1999
13.0000 1856.0000 128.1001 35.1975
19.0000 1865.0000 128.1027 35.1963
37.0000 1849.0000 128.1022 35.1907
- 3'] -

Collection @ kmou



Table 3-5% 53¢ty YRE U)X Elo]|A3te X, ¥ HIEE d3 AH/YE=
4}1%%% & ool izl X, Y HEe AAERA vedr] s A=
2 Fortran T 213 AL83}

2) AIS ©H|°]H
(1) 583 dojE kA

GICOMS®] AIS HlolEl= FAHolEHS AAulHE UFrolx A Hd&
82 FEE #(comma-separated values, &AL CSV) Aoz A%

o} Aol ¥ GICOMSS AIS Hlo|H &= Azt met 4= AR &
Ao 2 s RAW HlolE Sttt melA Alztel| mel T8l Zhzhe] Awukd
2 33 g

2
93ty 98l 9A A e gAe FEH MMSI 253
@ Fold HelEelA T e B X EAHo AW

AFo A Fortran ZEIW OB =S k).

QL
32
£
g fo

@ Auk2EAMMSL, IMO No.)7t $iE BAEW S tlolE 2HA)
@ wdsid MelE Holu= ol 4HA
Q SAZE NEAZAY EZYYAE HHo=w

Fig. 3-5 AIS data before & after processing
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Fig 3-55 AIS HolEl H2 A3} Fo| mgg vehach dole Hel dols
YHHo 2 $AF AbE §

YEUAIT A $dd&= i<
gate e FAT ZAE AS AT F vk AR dHolHeE F%
MATLABOI A 9] w-E dlo|E X8| & ¢35 MATLABS] Matrix &72kQ] mato =
A sk k.

(2) HAHelY B3t

J}i
il
o
v}
o v
of

AIS 2 HolH o AAAH, ANHA Tejal AR AdEs AHe TR
of we} g2t AIS AX|= =43l A7] F+(International Maritime Organization, o]
sl IMO)e] AIS 7587 HAE "WEdte Class A9} YFRE 953t Class
B-SO®} Class B-CS® T-#¥ Tt Table 3-6> AIS ZHlo] wE XA E AZETE
Ag YERRI JATH24].

Table 3-6 Position report interval according to AIS type

Class A Class B(S0O) Class B(CS)
over 23kts 2sec Smin -
alter course over 5° 3.33sec - -
14-23kts 6sec 15min -
2-14kts 10sec - -
less 3kts 3sec 3min -
less 2kts - 3min -
Mooring )
) 3sec - 3min
Anchoring
o 30+4sec
Navigation - - .
(Slot available)
)9 Eoq Ho] 3E ofstel AL}t Rul, Bul A$ AlS AH| o] X HE

N7 9K 2 =

v
ARIZA L 380l B ATAE B Aol Bale] ¥y 9e B3 & w9
% 2 =

2 FAtlE e ARA] 1% Ol*o“ﬁ Brels & el AeskA &t o

(8]
N
l
S
iy
)
IS
fz
o
A
o
©
3
_°|L
:L
B9
Z
E
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Ael= B Aure] gajo] Wx F9g sk AIS HolElZt ¥ ol 9
254 go} BAeIRE AEHA R A/t YU B Fole W o
o el AlS HolElZh EAFEE W J9L Bashs A AT & A

Fig. 3-6 AIS position data before & after interpolating

3.2.3 A4k A

2 ATFoNA MRS SEHAEE BUMAEEE ZA 174, BETA, =
Ad=Hrte 3dARZ FAF Atk Fig. 3-72 H7MA~EH ] AAH0 13
=AE e A,

MAP BUMPER ASSESSMENT
r___?__l
LOAD LOAD |
SHIP INFO | ATS DATA |
= K. . I CHECK |
SET | | | ENcounTERED SHP
| BUMPER SIZE | | ONBUMPER I
NI v —y :
Dl LOAD I I ASSESS RISK I
MAP | — /
‘/ ROUTE INFO | |_ _____ _|
| CALCULATE DISPLAY
BUMPER INFO | THE RISK OF
[ — 5 — EACH BUMPER
|
DISPLAY
= (" ]
b e STOP

Fig. 3-7 Flowchart of collision risk assessment system
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WY GANAE M FRE 9o] EASL, WATH AL Fol
A Augns $EARE ol atel WIS ANE ANY F WNE Y=
go MA@ Ao R FEAGERIL GANAE BAe W 39S F
Hahe B A AlS @7 dolHE FEea BAve] FEAYES B

9o TeNA sk A WS
AR B Auste] 29NES 29FHE RS FENFEE AN
Fagoltt.

Fig. 3-8 7@ HrhAzgle] AAEAE v 47 ol8g & Y= 1
Yoz vhehd Zlolth

YEOSU to BUSAN

D SR |
Al o—
\,e’l - v _rf}";%f 20l
i e e AN i
R : ol it

an

Drawing Chart Loading Ship & Route Info. Calculating &
Visualizing Bumper

YEOSU to BUSAN

25 ﬁh *% s
{\{-&luf‘"' “&‘é'rj “E
[ ¢

Sl si=
Mpu s

l

Loading AIS Data Risk Assessment Risk Visualization

Fig. 3-8 Sequence diagram of collision risk assessment system

D 3= =4

B dFdAe A= 45 FHE st HEE vsta B ZEd
kA HolHE 7] s tAEe]d ZE 1% PlotDigitizerS ©] &3] Fo]
J=E dYAEelAsta st HolHE FEst. FEd YA HelHe
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MATLAB®] F/M4&2=Q1 M maps ©]&3te ZY3ATE. M _map2  British
Columbiat) 8} A] 3] 2kt 7] 78+ H Rich Pawlowicz 2] EH o] Ao A F/| 4
2E W ESHAL 9ITH33]. M_map= 1%—0}‘34 HAEHED olUz}l YHEE =
H, 1Y B2 T Y ‘ﬁ% &oto] oA 7HA i FHEBE A F A,

THHE o)e =AT F Uk

rsﬂ

4

2) BAAE 8 FEAHR g7

(G w25
Ad8E A/EE AG.DHY A= (Mercator Sailing) F41&  ©]-835}¢]
Leg(@Z2% ®HIAAZEe AR)Y 29 AgALbel o] &=,
lat
m=T915.704468 X log|tan 4+7 (3.1)
— (23.268932  sin (lat) +0.0525 < sin2 (lat) 4 0.000213 < sin’ (lat))
Fig. 3-9v AAAEIH S o] &3ty F== AR dojtt.
9 B 2 3 4 5 6 7) 8 9 10
lon lat dist c_dist spd course tp_time c_time ot.mm ot_hm
1 1293300 353190 0 0 0 0 0 0 570 9.5000
2 | 1294002 353190 34368 34368 165000 a0 0.2083 124973 5824973  9.7083
3 | 1294002 354147 574200 91788  16.5000 0 0.3480 33.3773 603.3773  10.0563
4 | 1294738 354750 51137 142925 165000 44.9673 03099 51.9726 6219726 10.3662
5 | 1295506 354079 55164 19.8088 165000 136.8719 03343 720322 6420322 10.7005
6 | 1294748 353500  5.0035 249024 165000 226.9967 03087 90.5541 6605541  11.0092
7 | 1294228 353979 38450 287483 165000 318.3566 0.2331 104.5391 6745391  11.2423
8 | 1294228 353054 55500 342983 165000 180 03364 1247209 6947209 11.5787
9 | 1293526 353054 34373 377356  16.5000 270 0.2083 137.2203 707.2203  11.7870

Fig. 3-9 Example of route calculation

lon, lat : MAH A&, 9= BHE (°)
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dist : A A Leg)e] AEI(NM)

c dist : MAHZ A FH3E(NM)

spd : A& A< E(Knot)

course : WA HTHLeg) Z2=( °)

tp_time : HH AL o] 5 A IH(hours) &) 0.2083hrs=12.4973min
c_time : HAAZE o] FAIZE 4 Fh(minutes)

ot mm : WA o4 T A Z(minutes) o) 570, 9hrx60+30, 9A30%
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in_dotdb{1, 141, 1}

1 2 3 4 5 B 7 8
in_dotx in_doty ot_mm ot_hm st hm fn_hm st_mm fn_mm
129.3300 353190 570 930 910 950 550 590

129.3521 35.3190 573.9270 9339270 9139270 953.9270 553.9270| 593.9270
129.3741 353190 5778539 937.8539 917.8539 957.8539 557.8539 597.8539
129.3962) 353190 581.7809 941.7809 921.78091.0018e+.. 561.7809 601.7809

‘_p;wm—t

Fig. 3-10 Example of bumper element calculation
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in_dotx, in_doty : ¥ 7|FH X9 HE, AE(°)

ot mm : HH7|FH X2 o4 F3A Z(miniutes)

ot hm: BH 7| LA 9] ol THAIZHHHMM), °)930, 94130+
st hm : ot hm - &A%t 208 (HHMM), <)910, 94110+

fo_hm : ot hm + &A|ZF 20:-(HHMM)

st mm : ot mm - A7t 20&(minutes), <1)550, 9x60+10

fa_ mm : ot mm + A7t 205 (minutes)

A Aol FEf7E g o] f= AlAHAA AZFS AAFER g7 W&
o AZHAI4Fe] 803t E o] & minutes T = HI3SA A4, AAME ke
Al AFER7E GA| AEE = 5SS HHMMA/E) o2 A 7] uZolt

3) A¥A4L 2 =4
Mo wae Aty mdolw Y. Fuji & N. Mizuki(1998)7F A A3+ =7]

rlo

B AgstETh S=ol met WRe] =77t FAE =017 A8 WS
Lege] 29k Aelol we} G2abo] =AW= g

Fig. 3-11.¢ A2k W3 o A=A S et

y
Leg course |

]
1 Fwd
Bumper Reference Point

i 4
| Port ﬂ\ Stbd

i

I

o—

Aft
Bumper Size Calculation 4 Directions’ 4 Coners’
Angle Position & Angle
Calculation Calculation

Fig. 3-11 Sequence of bumper calculation
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@ T3 =AE $1AE Plot WEOIE ol&
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Fig. 3-12 Bumper calculation & drawing procedure

FEARSG} BAARE 7|WtoE A7 xS} o
Fujii & Mizuki(1998)7} A AIgH ¥ A7|(FAEE &=
FE 6.0L, = 1.6L)° AAAE M7t R &=

<]

o

Waypoint2} 1 9 X|o| A o] &=+

Hu EAAR=EE Ao HARH S5
3.2kt)0] JHET. Fell S el
452 Navigation speedE V| 3T},

AR Aol A 71Ee] RPM o]

Off
oL
ol
==

~

Az Az
2
ot

(ORI

_
2

T

2t
N
rJ
lo

N

oot fo If O

=

A
b
I
Wy

BN BN
ol

[e)
= 93

I
b
o
ofo
o
of
ol

_39_

Collection @ kmou



>

= WEA<Ql Full ahead®l] 3| 3st=

3l Maneuvering speedE 2| U] 3t} Z2F <4 S+ RPMol whel thefslA|vE o 7]
= & &
AukA| el wet 24 28] 753kt

rr

4) AISA R 87|

HN

B dFodA e sidunsddNGY VerlE12]le WSS 104739 AIS
tlolEl & o] &3ttt A"l A 10€3] AIS HolEE ¢ Foe ta9 4
apoll whe rtoll gk AIS HlolHE FE3H

@ H/‘*«l ST 2yl A o] AL

[‘ﬂ

o4 EHAZ Afole] AlS Hlo|E B

@ A A= Tyl flE] ARPAREARL MMSI RS S 7IEo R AIS b

- = "IHE:]
olElE BR3II, o5 Z7te] ZhE Celld] AR BT

Cello] & MATLABOIA] Hlo|H & AA&dte FFZEE Cell ES 0] &3t
H AMZ g2 BHYs 7HAE dHolHES i (Aray)E AZE F A
I, Cell ol WIF CellS A3t AST+EZE THE &% At} Fig 3-13
2 Cell #+ZE5 YERA Z o]t} [34]

celll,1 cell 1,2 cell1,3
"Anne Smith'
3 4 2 ‘9712784 .25+431i B8-16i
g 7 5] 'Class II
8 5 1 Obs . T . 34451 7+.921
'Obs. 2
cell 2,1 cell 2,2 cell 2,3
, , 4 2
7 2 14 text 1 s
[1.43 2.88 8 3 45
5.67] 52 168 3
[427] |.02+81

Fig. 3-13 Cell structure in MATLAB
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9:54 9:34-10:14
9:50 9:30-10:10

9:46  9:26-10:06

9:42 9:22-10:02

Fig. 3-15 Passing time & time allocation for data extraction

() 2= =2FHE el BAANA= 6‘}2 Z (HAlA EFH AIS
o = MubR 471 Aol

(3) WY FEIYEE AL WAGAE QoA AEE Ause] 3E

Collision Risk Index, TCRI, ©]3} TEATE)=
Ao = FLsA AEst] 24 dRe) FEHIEE AT

Fig. 3-16:= ¥ 1709 3tF &<t FESAFEE AL dolt. 34
o] eval{l,1}{1,4}{1,5}{1,1}- A

AR Eo H7IYES ov g
HHE 53T o 3 WA /\]7"(utc), $ A (1at/long), < =(spd), Z2=(cog),
Z-9- 3 Ell(diffas), =A< (danger)7} EAHT.
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eval{1, 1){1, 4){1, 5}1, 1}
S B 2 3 - 5 6 7 8
mmsi utc lat long s0g cog diffas | danger

1 258787000521103541 354240 129.5378 8 239'LC 4
2 273146000 520173550 354199 129.5317 13 17.2000°RC’ 3
3 305177000520174138 354132 1295390 127000 80.2000'0C' 2
4 351930000 520184814 354180 129.5336 13.6000 13.2000'RC’ 3
5 354374000520194914) 354198 129.5430 8.8000 209.2000'LC <
6 373737000521123233 354243 1295263 11.7000 13.3000°'RC’ 3

Z TCRI= 4+3+2+3+4+3=17
=7

Fig. 3-16 Example of collision risk index for a day

Table 3-7-2> 10¥3] Ble]E]E o] &3 /] WA SEAIEE T3l 9
E Yeta Stk ¥ DaylFE DayloZbA SE=AIAEE H7hsta
o] & st& st 10840 st FEATEE FIh

Table 3-7 Example of total collision risk index calculation for 10 days

Bumper No.1
Encounter Dayl1 Day?2 Day3 e Day9 Day10 Avr.
Ist 3 3 4 - 3 3
2nd 3 3 4 - 4 3 |
3rd 4 - 3
TCRI 10 6 8 7 9 8

() LEFo] Be Fofol YT WA FEADEI AT
09 s ow &
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A djol] Moz o]l ¢F A F vk AUEe Adtste dAAE
old @< Ayl fdl T = dhik(Relative value)S AAHRE

k. WA EH e P}

gr=o] JdlZk(Relative value) o2 WH3STE AUz TEAIEE Mo
2 FEIA A= ZAT W AEEHE o2 FE

FFe PAA Bt A kel AdEEH = e alE el

Original Scaled Relative
100

10

Fig. 3-17 Original, scaled and relative values
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A4 LR FAN2EY He D A3

B ATNAE ATE AzEe AP dsigol 22 H gl AzH
& AFSA APANY g Azge] FYHA AN RE AR AT
Aoz Mad Brgeel WA e 4% HIFde Agsiac. dalY
Hge 243 AN B 4G B3 OFT A0 AN AAE FAFOEH A
sdle) fEAS ABeE A0 RatdA o] oz Felhe HAEY

41 AL&=xA

Table 4-12 Al@si 3k i o) Hgxde e Ao,

Table 4-1 Conditions of application to test & actual area

Test area Actual area
Purpose Test Evaluation
South Sea of Korea
Area Ulsan Approach
Busan~Yeosu
Actual route
Route Test Route
Recommended route
Encounter type Considered Considered
Encounter numbers Considered Considered
Sailing time Not considered Considered
AIS Data 1 day 10 days
Time interval for . )
) Not applicable 40mins
selecting AIS data

A]Q'EHO—EMW% AN zHl o] QAEE o g &) 9l Al=Hle] 7 7

stEHlw 7% AIS HolE F& 7]
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49 % 1093 AIS Hlo]HE ©] &3t} 109
o W& FEAZEHIL JhssiH o0& A
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o 4 ARE wHoR PR FEUAES] ARG WEIGE T Zolr),
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E -1
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Fig. 4-1 Comparison of AIS data extraction time interval
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[34] MATLAB Cell Concept
http://www.ece.northwestern.edu/local-apps/MATLABhelp/techdoc/MATLAB p
rog/ch13 c11.html
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